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This application is claiming the benefit of a co-pending provisional 
application serial no. 60/173,528 filed on December 29, 1999. 


Field of the Invention 

This invention relates generally to improvements in occupancy sensor 
1 5 systems and methods, and, more particularly, to a new and improved system and 
method for sensing the occupancy of an area to control a system connected 
thereto, whereby the occupancy sensing system is activated upon sensing the 
occupancy of the area, and activation of the occupancy sensing system is 
maintained while sensing the continuing occupancy of the area. 


A portion of the disclosure of this patent document contains material which 
is subject to copyright protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document or the patent disclosure, 
as it appears in the Patent and Trademark Office patent file or records, but 
25 otherwise reserves all copyright rights whatsoever. 


10 


BACKGROUND OF THE INVENTION 


20 
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A CD-R is included as the official copy of the computer program listing of the 
preferred form of source code consisting of over 300 lines of code, and is filed with 
and a part of this application and incorporated by reference herein. 

5 Description of the Related Art 

It has been known for an occupancy sensor system to sense the occupancy 
and vacancy of an area covered thereby, and to activate or deactivate a system 
connected thereto responsive to such sensing thereof. The sensors in an 

10 occupancy sensor have included infrared and/or ultrasonic technologies. The 
systems controlled by occupancy sensors consist of lighting systems, heating and 
air conditioning systems, alarm systems, and/or building automation systems. The 
area covered by an occupancy sensor may comprise a room, a classroom, a 
computer room, a section of a floor, and/or a floor in a building, from small areas 

15 to very large areas. The occupancy sensor may be mounted at a location in the 
wall or in the ceiling of the area to be covered thereby. 

An important consideration regarding an occupancy sensor system is that 
it be energy-saving with respect to the system controlled thereby. Further, it is 

20 significant that such an occupancy sensor system be reliable and versatile. 
Moreover, there may have been problems associated with prior occupancy sensor 
systems regarding false activations, due to heavy airflow in the covered area, 
unintended blackouts caused by coverage gaps, and/or coverage fluctuations due 
to changes in humidity, temperature, and electrical noise. Further, it is desirable 

25 to provide multiple interface options for connecting an occupancy sensor system 
to a system to be controlled thereby such as a building automation system. 
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Reliable activation of the occupancy sensor upon occupancy of the area 
covered is a major issue, as is safeguarding against false activation during 
vacancy of the area covered thereby. Another major issue is that occupancy 
sensors when installed were often not setup or adjusted to the optimum settings. 
5 This often caused installers to make return trips to further adjust sensors, and for 
occupants to be inconvenienced by nuisance false activations or deactivations. 
Also, occupancy sensors which attempted to learn the occupancy patterns for the 
areas covered thereby, such as by a summing algorithm that uses a composite 
signal to determine occupancy, to attempt to eliminate installer errors, may not 
10 have been reliable. 

Therefore, those concerned with the development and use of occupancy 
sensor systems and methods and the like have recognized the need for improved 
systems and methods for sensing the occupancy of a covered area, that is, a 
15 system which can provide energy-saving solutions for controlling systems 
connected thereto, and reliable and versatile control of the connected system, 
while preventing false activation and coverage fluctuations, due to environmental 
factors and unintended non-activation in an occupied area due to gaps in system 
coverage. 


Accordingly, the present invention fulfills these needs by providing efficient 
and effective systems and methods for sensing covered-area occupancy, for 
enhanced reliability and versatility. 


20 
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SUMMARY OF THE INVENTION 

Briefly, and in general terms, the present invention provides the sensing of 
the occupancy and vacancy, and controlling a system, in a covered area, in a 
5 convenient, reliable, versatile, and effective manner. 

By way of example, and not by way of limitation, the present invention 
provides a new and improved system for sensing the occupancy and vacancy of 
an area to be covered thereby, which comprises a multi-featured self-adjusting 

10 dual technology occupancy sensor system and method, in the field of building 
controls, occupancy sensors, electronics, and programming. The occupancy 
sensor includes a combination of real time adjustments and fault detection to 
optimize the sensitivity and time delay settings. If the sensor determines that it 
made a mistake in activating or deactivating, it will adjust the time delay and/or 

1 5 sensitivity in order to optimize the performance of the sensor. An alarm mode is 
included which requires multiple activations of both the ultrasonic and infrared 
sections of the sensor within a preset time period in order to activate the alarm 
relay. A pushbutton interface is included to enable manual activation of the sensor. 
The sensor will automatically deactivate following the time delay. A grace timer is 

20 also incorporated for safety purposes which allows automatic activation within a set 
period after deactivation. 

The system controlled by the occupancy sensor is activated when a sensor 
section is activated. Versatile connections are provided for systems to be 
25 controlled thereby, including an isolated relay which may be configured for 
example for a building automation system or an alarm system interface via a DIP 
switch. 
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The system self-adjusts the sensitivity and time delay thereof in real time to 
enhance performance and reduce the need for follow-up adjustments. Coverage 
of the area remains stable regardless of environmental conditions therein. 
Concurrent time delays for the sensor sections avoids inadvertent deactivation in 
5 occupied areas. 

Installation is simplified with a delay default when the system is left at 
minimum potentiometer setting. Environmental motion tolerant systems resist false 
activation in environmentally active areas such as high airflow rooms. DIP switch 
10 selectable lighting sweep setting reduces activations following power sweeps for 
example in facilities with computer control system. A zero time delay DIP switch 
is adapted for use in building automation systems and alarm modes for business 
management systems equipped with an internal timing function. An alarm function 
avoids false alarm activation, through detection redundancy testing. 

15 

A manual on/off option via a wall switch enables a building automation 
system relay to remain active during occupancy. The system is fully self-resetting, 
whereby upon manual deactivation in automatic activation mode, the controlled 
system remains deactivated during occupancy, and after vacancy of the area and 
20 elapse of a time delay and grace period, the controlled system activates the next 
time the area is occupied. A grace period allows the controlled system to be 
activated by motion anywhere. 

More particularly, the present invention may include a system for sensing 
25 the occupancy of an area, adapted to activate upon sensing the occupancy of the 
area, and to maintain activation when sensing the occupancy of the area. The 
system includes an occupancy sensor, adapted to activate upon sensing the 
occupancy of the area, and to control a system connected thereto. The occupancy 
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sensor includes an infrared sensor section, adapted to passively sense the 
occupancy of the area, and to activate upon sensing the occupancy of the area, 
and an ultrasonic sensor section, adapted to actively sense the occupancy of the 
area, and to activate upon sensing the occupancy of the area. The occupancy 
5 sensor is adapted to maintain activation when either the infrared sensor section or 
the ultrasonic sensor section is activated. The occupancy sensor may be mounted 
at a location in the wall or in the ceiling of the area to be covered thereby. The 
system also includes a setting element for enabling the input of a setting for the 
activating of the occupancy sensor, and a self-adjusting element, for enabling the 
10 self-adjusting of the activating setting for the activating of the occupancy sensor. 

The system, in accordance with the present invention, also includes a 
sensitivity setting and a time delay setting for activating settings of the occupancy 
sensor. The self-adjusting element is adapted to self-adjust the settings 
1 5 responsive to real-time adjustment and/or fault detection . The occupancy sensor 
is adapted to activate upon sensing motion in the area. The system is further 
adapted to be self-resetting. The system may further include a building automation 
system relay, adapted to be connected to the occupancy sensor and to a building 
automation system. 

20 

The system may also include an alarm relay, adapted to be connected to the 
occupancy sensor and to an alarm system, wherein the setting element may be a 
switch adapted to enable the selection of an alarm mode setting, and adapted to 
require multiple activations of the infrared sensor section and the ultrasonic sensor 
25 section within a preset time period to activate the alarm relay. The system may 
further include an interface for enabling manual setting for activation of the 
occupancy sensor. The occupancy sensor may be adapted to maintain activation 
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when both the infrared sensor section and the ultrasonic sensor section are 
activated. 

These and other objects and advantages of the invention will become 
5 apparent from the following more detailed description, when taken in conjunction 
with the accompanying drawings of illustrative embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a perspective view of a dual technology occupancy sensor system, 
in accordance with an embodiment of the invention; 

5 

FIG. 2 is a circuit diagram of the occupancy sensor system, pursuant to the 
invention. 

FIG. 3 is a flowchart illustrating system initialization, in the practice of the 
10 invention; 

FIG. 4 is a flowchart of the main loop of the system, in accordance with the 
present invention; 

1 5 FIG. 5 is a flowchart of the interrupt routines of the system, pursuant to the 

invention; 

FIG. 6 is a flowchart showing the infrared signal processing, in accordance 
with the invention; 

20 

FIG. 7 is a flowchart of the ultrasonic signal processing, in the practice of the 
invention; 

FIG. 8 is a flowchart of the time delay resets, pursuant to the present 
25 invention; 

FIG. 9 is a flowchart of a timer interrupt function, in the practice of the 
present invention; 
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FIG. 10 is a flowchart which shows the fault detection, in accordance with 
the invention; 


FIG. 1 1 is a flowchart of the fault adjustments, pursuant to the present 
5 invention; and 

FIG. 12 is a flowchart illustrating the non-volatile memory routines, in 
accordance with the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is directed to an improved system and method for 
sensing the occupancy and vacancy of an area covered thereby. The improved 
5 system and method provides reliable activation during occupancy of the covered 
area, and safeguards against false activation during vacancy of the area. The 
preferred embodiments of the improved system and method are illustrated and 
described herein by way of example only and not by way of limitation. 

1 0 Referring now to the drawings, wherein like reference numerals denote like 

or corresponding parts throughout the drawing figures, and particularly to FIGS. 1 
and 2, a system 10 is utilized for the sensing of the occupancy and vacancy of the 
covered area. The system 10 includes an occupancy sensor 12, adapted to be 
installed for example in the ceiling of an area to be covered thereby such as a 

1 5 room in a building, and to be connected to a system to be controlled thereby such 
as a room lighting system. 

The occupancy sensor 12, for example, includes a power supply 14. The 
power supply 14 provides the necessary voltages for the various other circuits. 
20 The incoming power may be between 1 0 and 30 VDC, at 25mA for example. The 
power is adapted to be filtered such that clean regulated power is delivered to all 
sub-circuits within the device. 

The occupancy sensor 12 further includes an infrared sensor section 16, 
25 which utilizes a passive technology, which does not send out a signal to aid in the 
reception of a signal. The infrared signal passes through a Fresnel lens. The 
signal then is AC coupled to a two-stage frequency limited amplifier prior to going 
into a microcontroller. 
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The occupancy sensor 12 also includes an ultrasonic sensor section 18, 
which utilizes an active technology, which sends out a reference signal which is 
compared to the received signal in order to determine if a change has occurred. 
The ultrasonic sensor section 18 includes an ultrasonic oscillator 20, wherein a 
5 carrier signal is produced, amplified, and then transmitted using ultrasonic 
transducers. It also includes an ultrasonic receiver 22, in which the signal is 
received using ultrasonic transducers, and is then amplified for further processing. 
To insure a constant signal, an Automatic Gain Control circuit may be utilized. 
When a person moves, the transmitter signal is distorted via a Doppler shift that 

10 is then interpreted as motion. The ultrasonic sensor section 1 8 further includes an 
ultrasonic demodulator 24, wherein the amplified receiver signal, which is a 
combination of the carrier signal and any motion signal that results, is separated 
into the motion signal and the carrier signal for further processing. It further 
includes an ultrasonic bandpass signal processing section 26, which further 

15 separates the motion signal from the carrier, and amplifies the portion of the 
spectrum that is of interest to help insure that the processed signal is that of a real 
motion as compared to a false motion. 

The occupancy sensor 1 2 also includes a microcontroller 28, which includes 
20 supporting circuitry, and a DIP switch, which configures the product and its 
operation. A non-volatile memory is used to store the configuration and critical 
operating parameters in case of power failure, so the device will restart in its 
already optimized state. Also in this section are a bi-color LED indicator to show 
which half of the sensor detected motion, and a BAS/EMS relay and Switchpack 
25 control outputs. 

In the operation of the invention, as illustrated for example in FIG. 2, the 
power supply 14, which includes voltage regulator IC's U6 and U7, regulates the 
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incoming power of between 10 and 30 VDC at 25mA, into two independent 
supplies of 5VDC. To prevent damage from misconnection, diodes D6 and D10 
insure that the voltage is the correct polarity. The combination of R6, C47, and 
C48 in the V BB supply provides filtering, primarily against 60 Hz noise, to the 
5 regulator. The combination of R46, C39 and C40 perform the same function for 
the V cc supply. The output of U6 is post filtered by C41 and C42, along with 
decoupling caps for the IC's connected to V cc . Capacitors C49 and C50 are used 
to post filter the V BB supply. 

10 In the infrared sensor section 1 6, which includes a detector and an amplifier, 

including a detector DET1 which is a dual element passive pyro-electric detector, 
responds to light energy for example in the 8 to 14 micron range. The two 
elements are internally arranged to provide temperature stability. As a person 
moves within the field of view of the Fresnel lens, the infrared energy given off by 

15 the person's body heat causes a change in the amount of energy that is incident 
upon the elements of the detector, thereby creating a signal. The detector signal 
is filtered by the combination of R32 and C32, and is then AC coupled to amplifier 
U1C via capacitors C33 and C43. Adding resistor R34 sets the lower frequency 
limit. The upper frequency limit, and amplifier gain, is set by the combination of 

20 R35 and C34. A single amplifier may not provide sufficient gain to process the 
signal, so a second stage is used, and is set up the same as the first. The signal 
then proceeds directly to the microcontroller 28 for further processing. 

In the ultrasonic sensor section 18, the ultrasonic oscillator 20 includes a 
25 crystal Y1 which sets the reference frequency. The crystal frequency is calibrated 
with resistors R29 and R30. Capacitor C25 is used to AC couple the crystal within 
the feedback loop. Inverters U3A and U3B are used to place the crystal into 
resonance, and resistor R28 is used to provide hysteresis for the first stage. 
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Inverter U3C buffers the ultrasonic carrier signal. Inverters U3D and U3F are used 
to further buffer the signal and convert it into a 2-phase signal. The two phases 
are used to drive a push-pull amplifier made up of transistors Q4, Q5, Q6, and Q7. 
Filtered power is provided to the push-pull amplifier via resistor R26 and capacitor 
5 C26. The push-pull amplifier then sends the signal to the transmitting transducers 
TX1 and TX2, which convert the electrical signal into acoustic energy. 

In the ultrasonic receiver 22, the outgoing ultrasonic signal is received by 
receiving transducers RX1 and RX2. The two signals are mixed via resistors R1 

10 and R2 and then fed to the first of a two-stage amplifier circuit via resistor R3. 
Amplifier U1 A is set up as a multiple feedback bandpass amplifier such that it will 
only amplify frequencies around the carrier frequency, which helps to eliminate 
problems from interference sources. The signal then proceeds to amplifier U1 B 
which is a variable gain amplifier. The amount of gain is dependent upon the 

1 5 amount of signal present at the output of U1 B. Components R7, C6, D1 , D2, C7, 
R8, and Q1 form an AGC circuit to vary the gain as necessary to ensure the signal 
is always adequate for further processing. 

In the ultrasonic demodulator 24, the ultrasonic transmitter signal is used as 
20 a reference signal via components R21 , Q3, R10 and Q2. The transmitter signal 
is thereby connected to the gate of mosfet Q2. The ultrasonic receiver signal is 
connected to the drain of mosfet Q2. The signals are effectively beat together, 
which results in creating the sum and difference at the source lead of mosfet Q2. 
The source is then connected to a low pass filter, which eliminates the sum 
25 component only leaving the difference signal for further processing. The remaining 
signal is connected to voltage divider potentiometer VR1 that controls the amount 
of signal going into the bandpass circuit. 
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In the ultrasonic bandpass signal processing section 26, the demodulated 
motion signal is fed to the input of this circuit, which is a three stage, multiple 
feedback bandpass amplifier. Each stage further processes and amplifies the 
portion of signal that best determines a real motion as compared to interference 
5 signals such as those created by airflow or extraneous objects within the area 
being covered by the sensor. The two resistors and two capacitors within the 
feedback loop control the gain and Q of each stage for that stage, such as R12, 
R1 3, C9 and C1 0 for the first of the three stages. 

10 In the microcontroller 28, which is shown in FIG. 2 as IC U5, and wherein 

the logic sequences shown in the flow charts in FIGS. 2-12, components Y2, C27, 
and C29 set up a 10 MHz oscillator from which the microcontroller performs all of 
its timing functions. Internally, the chip divides the frequency by a factor of 4 such 
that it is running 2.5 million instructions per second. 


Referring now more particularly to the flow charts in FIGS. 3-13 of the 
drawings, the application of the system 10, and the operation of the microcontroller 
28, in accordance with the present invention, and as previously shown in FIG. 1, 
are described. 


As shown in FIG. 3, for initialization of the occupancy sensor 12, with 
respect to a "lighting sweep", some buildings disable the power to the entire 
lighting circuit including the sensors. Most sensors will activate when the sensor 
first has power applied due to the instability of the power supply during startup. 
25 The sensors herein have a preset delay, for example 50 seconds, in order for the 
unit to stabilize prior to being activated. In other installations, the sensor power is 
controlled by the toggle switch in the room, wherein it would be inconvenient to 
wait the 50 seconds prior to the lighting being activated! therefore this feature is 


15 


20 
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DIP switch selectable. A "manual on" mode for the ceiling sensors may be 
selected by the DIP switch, which allows the user to install a momentary switch 
that initially activates the lights, and the sensor will automatically deactivate the 
lights. A grace timer, of for example 10 seconds, may also used for safety 
5 purposes. If neither of these options is selected, the lights may be immediately 
forced on, and the initialization may proceed. Critical operating parameters may 
be restored from the non-volatile memory and the checksum may be verified. If 
the checksum is not valid, the memory may be initialized. 

10 Referring now to the flow chart in FIG. 4, for the main loop of the program., 

In order for the program operation to remain robust, the I/O ports are initialized 
within each loop. The bypass DIP switch is checked to see if it has been selected, 
if not the program proceeds. The infrared input is sampled, and then while it is 
being processed the ultrasonic input is sampled. This process alternates to 

15 improve the sample rate of the two inputs. The decision tree is also shown to 
determine if the lights should be activated or deactivated, and to test if the DIP 
switch for the "alarm mode" has been selected in which case it executes the alarm 
routine. 

20 As seen in the flow chart in FIG. 5, for the interrupt routines, all available 

interrupts may not be used, and the external interrupt which is connected to the 
momentary switch and the timer interrupts may be used. The routine tests for 
which interrupt occurred, and then executes the corresponding routine, then 
reinitializes the interrupts. The momentary switch may be used at any time, even 

25 if the manual on mode is not selected. Also the debounce routine may be built into 
the interrupt service routine. 
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As illustrated in the flow chart in FIG. 6, the infrared signal may be 
processed, so as to include the averaging routine, which performs real time 
baseline adjustments. A firmware version of a "rate of change comparator" may 
be implemented. By knowing the sample rate, the rate of change may be 
5 controlled very accurately. The absolute value between the signal level and the 
baseline may be used to determine if the signal indicates a motion. Infrared 
signals can deflect in either direction from the baseline; therefore the absolute 
value calculation becomes important. A minimum duration of valid signal is then 
verified along with monitoring the peak level of the motion signal. If the duration 
10 requirement is not satisfied, all flags are cleared and the motion must start over. 

In the flow chart in FIG. 7, the ultrasonic signal processing is shown, 
including the real time baseline calculation and adjustment. Ultrasonic motion 
signals only deflect in one direction, therefore the baseline becomes the average 
1 5 undeflected signal level. Via a motion duration timer, the remainder of an "airflow 
tolerant technology" is implemented within the firmware. The peak motion level 
may be monitored and recorded, along with the average motion level. 

With respect to the flow chart in FIG. 8, the time delay resets are shown,. 

20 The ultrasonic and infrared sections of the occupancy sensor 12 may have 
independent time delays. When motion is detected, only the appropriate half is 
reset. This device uses an installation timer that will not allow the device to do any 
self-adjusting prior to the installation being complete. Once the device is off for a 
period for example of one hour, the installation timer may be satisfied and the 

25 non-volatile memory may be updated such that the installation timer only has to 
occur once. Also, after the installation timer has elapsed, if the potentiometer is 
accidentally left to a setting of for example less than 5 minutes, the self adjust 
settings may be automatically setup to a starting point offer example 10 minutes. 
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The sequence is shown of the time delay potentiometer setting being measured 
and used in a loop to accumulate the time delay to the appropriate duration. If the 
installation timer is not elapsed or if the time delay has been readjusted, the device 
will reset all the self-adjusting parameters and update the non-volatile memory. It 
5 then checks for motion detection of each half of the sensor and verifies that the 
self-adjusting has not been disabled for that half by the appropriate DIP switch. If 
the DIP switch is set to "both mode" for maintaining the lights, the infrared delay 
is forced to a setting of for example 30 minutes. This routine is only called when 
it is valid to reset the delay(s). As such, this routine also controls the BAS relay 
10 output. If not in "alarm mode", the DIP switch is tested that selects a zero time 
delay option for the BAS relay, and activates it for example for only one second if 
selected. Otherwise it is controlled along with the lighting. 

Referring to FIG. 9, the flow chart shows how a timer 1 interrupt performs 
15 many time based functions built into the sensor. Timer 1 may be internally setup 
to cause an interrupt every 0.2 seconds. With each interrupt, a small offset if 
forced into the ultrasonic baseline such that the real time self-adjusting will always 
be correct. The timing functions achieved through the use of timer 1 include the 
infrared time delay, the ultrasonic time delay, the grace timer, the LED timer, the 
20 BAS/EMS relay timer, all the alarm timers, fault timers which track the duration that 
the lights are on or off, and the one hour installation timer. 

The flow chart of FIG. 1 0 shows how the fault detection works. When a fault 
is confirmed, an adjustment may be made to either the time delay or sensitivity 
25 threshold of the infrared or ultrasonic section of the sensor. No fault detections will 
occur until the installation timer is elapsed. There are three types of fault that can 
be detected. The first (Fault 1 ) is possible since the device is designed to activate 
only upon an infrared motion detection. Therefore when the lights are off, if the 
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ultrasonic half of the sensor detects a motion a short duration timer is started (for 
example approximately one minute). If that timer elapses without the infrared half 
detecting a motion, the ultrasonic half of the sensor had a false detection. If this 
fault is detected multiple times (for example twice), the ultrasonic threshold is 
5 adjusted such that the ultrasonic half is less sensitive. The second type of fault 
(Fault 2) occurs when the lights turn on again after being off for only a short time 
(for example about 30 seconds) which indicates a false off. Again if the fault 
occurs multiple times (for example twice), then an adjustment is made to increase 
either time delay or sensitivity. The flowchart in FIG. 1 1 shows how the lights on 
1 0 fault detection is triggered. The third type of fault (Fault 3) occurs when the lights 
activate and then deactivate after only one time delay indicating a false on. As with 
the others, if this occurs multiple times (for example twice) then an adjustment is 
made to decrease the sensitivity. 

1 5 As seen in the flow chart in FIG 1 2, the adjustments are made once a fault 

is confirmed. Once the adjustment is made, the new parameters are stored into 
the non-volatile memory so that if/when the sensor is restarted it will begin using 
the parameters that have already been optimized. If a "Fault 1" is confirmed, the 
sensor first confirms that the threshold is not already greater than the detected 

20 peak motion, and that the threshold is not already maximized. The higher the 
threshold the less the sensitivity to motion. If these conditions allow, the threshold 
is incremented and the fault counters and flags are reset. If a "Fault 2" is 
confirmed, the sensor must attempt to decrease the infrared sensitivity which is 
logical since the sensor can only be activated by the infrared half, then a false on 

25 must be due to a false infrared detection. The sensor again confirms that the 
detected peak is not greater than the threshold and that the threshold is not 
already maximized. If these conditions allow, the threshold is incremented and the 
fault counters and flags are reset. For Fault 3 a false off can be caused by 
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insufficient time delay of either half, or inadequate sensitivity of either half. If a 
"Fault 3" is confirmed, the sensor will sequence through a series of adjustments 
until the optimum settings are achieved. First adjustment will increase the 
ultrasonic sensitivity and if the ultrasonic delay for example is not less than 1 1 
5 minutes, it will be decreased for example by 1 5 seconds. If the fault continues then 
the infrared sensitivity will be increased and the delay will be reduced for example 
by 1 5 seconds if greater for example than 1 6 minutes. If the fault still continues the 
infrared time delay will be increased for example by 30 seconds up to a maximum 
of for example 30 minutes. The 30-minute maximum is required by some state 
1 0 and local codes, and may soon be included in some national codes. If the fault still 
continues, the ultrasonic time delay will be increased for example by 30 seconds 
up to a maximum of for example 30 minutes. If the fault still continues then the 
sequence will begin again and continue until the optimum settings are achieved. 

15 The flowchart in FIG. 13 shows the non-volatile memory routines. The IC 

may use the standard I2C protocol in sequential read and write modes. The stored 
variables are all eight-bit values which are added into a two byte checksum for 
verification upon startup. If the checksum is valid then the stored values will be 
used. If not, then either the memory has become corrupted, or possibly it is the 

20 first use of the sensor in which case the memory may never have been initialized. 

Therefore, in accordance with the present invention, the occupancy sensor 
system includes dual technology sections which activate the controlled system 
when one particular technology section detects motion, and maintains activation 
25 of the controlled system when either of the dual technology sections detect 
occupancy, or optionally only when both detect occupancy. Occupants are 
assured that the controlled system will be activated and maintained reliably through 
the full no-gap coverage feature. 
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Self-adjusting sensitivity herein includes two aspects, base line and 
threshold. The baseline is constantly adjusting in real time such that a constant 
level of motion above the baseline is required to trigger the sensor. The threshold 
is adjusted both in real time and via fault detection. The baseline and threshold are 
5 tracked and adjusted separately for each sensing technology. At threshold, motion 
has to cross over a certain point. For rate of change, motion has to be over a 
certain time period and for a minimum duration. The system herein adjusts 
baseline in real time. Baseline movement may result for example from acoustic 
noise, air flow, or electrical noise. Previously, when a controlled system such as 

10 air conditioning came on, and the background environment moves up a small 
amount, if such motion gets close to the threshold, only a very small motion would 
exceed the threshold. The system herein moves so as to require a constant level 
of motion above or below the baseline for activation, which is more stable and less 
prone to false activation and more reliable for real motion detection. A rate of 

15 change comparator is adapted to prevent false activations in the infrared sensor 
section, by moving with the infrared signal, so that a slow motion, as from an air 
source, will not cause false activation regardless of the signal amplitude thereof. 
If the motion exceeds a programmed rate of change, looking more like human 
motion that air motion, the system activates. 


The time delay herein is self-adjusted via the fault detection algorithm. Also, 
if the installer forgets to set the time delay, it will set itself for example to 10 
minutes as a starting point from which the further adjustments will occur and it will 
not increase for example beyond 30 minutes. 


Further, the occupancy sensor system herein may look two-ways into an 
area, for example with four transducers, two transmitters and two receivers, in the 
embodiment described above, or one-way into an area, for example with two 
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transducers, one transmitter and one receiver. Self adjusting herein is provides so 
as to treat the infrared and the ultrasonic signals independently, and not by 
summing them together. The system functions in real time, rather then over 
extended periods of time. 


Air flow rates are increasing, for example, in classrooms to prevent the sick 
room syndrome, and other items are moving as a result of increased air flow, such 
as flags, drawings, etc. which may otherwise cause false activations. Air flow 
tolerant technology determines the proper frequency spectrum and duration of the 

1 0 motion to confirm human motion rather than object motion. The occupancy sensor 
system herein distinguishes between human motion and air movement, to 
maximize energy savings in areas with high air flow, so as to overcome the 
problem of false activation in vacant areas. It also adapts to the occupant's 
behavior in real time. After an initial installation adjustment, it constantly self- 

1 5 adjusts the sensitivity and time delay to optimize performance parameters. System 
coverage remains constant regardless of environmental fluctuations. An automatic 
default is provided at minimum installation settings. Also, separate concurrent time 
delay settings for the dual technology sections avoid inadvertent deactivation in 
occupied areas. A manual-on option provides the flexibility to enable the controlled 

20 system to be activated manually, increasing savings in areas benefitted thereby. 

Multiple interface options herein enable connections and features for a 
variety of systems to be controlled thereby. A zero time delay feature provides a 
minimal closure for systems equipped with an internal timing function. An interface 
25 with an existing alarm system avoids false alarm activation through detection 
redundancy testing. The system includes redundancies, such as for example 
requiring three activations for each section of the sensor within a five minute 
period, for a controlled system such as lighting connected to an alarm system, to 
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prompt a security guard seeing a light on and presuming a person is in the covered 
area when no one should be in the covered area, to prevent false activation as by 
people sitting at a computer and typing, while enabling activation as by a person 
stealing a computer. The system may include multiple frequencies from the 
5 ultrasonic sensor section, for example, to separate covered sub-areas within a 
covered area and prevent unintended activation of a remote sensor. 

The system herein is operable in either automatic on or manual on. If an 
installer leaves the time delay at a minimum setting, the system may be configured 

10 to set itself up to a longer delay, for example one minute to five minutes. A 
selectable sweep function avoids unnecessary activation following power-up. In 
a sweep system, the controlled system may be routinely power-enabled through 
a series of areas at a certain time, such as enabling the power at 5:00 a.m. every 
morning, and if the sensor is unstable and powering up, the sweep looks like 

1 5 motion, which would generate false activation of the controlled system. The sweep 
system feature herein enables the user to enable or disable sweep activation of the 
infrared sensor section. The sample rate of the system is enhanced by alternate 
sampling of first one of the dual technologies, and, while it is being processed, 
sampling the other. 


It is recommended that the sensor herein be installed with maximum 
connected systems operating such as air conditioning, to create maximum 
background motion so as to enable adjustment to prevent sensing thereof. 
However, sensors are frequently installed when the controlled system is shut 
25 down, preventing adjustment for conditions in the covered area. The system 
herein is adapted to self-adjust if the initial sensitivity is not accurate. Further, if the 
time delay is set at less than a setting for example of five minutes, the system will 
set itself up to an optimal initial setting of for example ten minutes and self-adjust 
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from there. A minimum time delay for example of 1 5 seconds enables an installer 
to view system operations without waiting a long time to check the system, but if 
the minimum time delay setting is not changed the occupant would have to re- 
activate the system in the minimum time period. An installation timer assumes that 
5 an installer is finished if the controlled system is not activated for a period such as 
one hour, whereupon the system sets up the time delay for example at ten minutes 
and self adjusts for example between ten minutes and thirty minutes as required. 

Examples of a preferred form of source code, for use in carrying out the 
0 above described software and firmware steps in conjunction with the hardware as 
described above, are included in the CD-R as the official copy thereof which is a 
part of this application and incorporated by reference herein. 

It will be apparent from the foregoing that, while particular forms of the 
5 invention have been illustrated and described, various modifications can be made 
without departing from the spirit and scope of the invention. Accordingly, it is not 
intended that the invention be limited, except as by the appended claims. 
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